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The i n t e g r a l  r e c o i l  ranges of t he  radio- 
a c t i v e  nuc l e i  produced following t h e  bombardment 
of 58Ni and 62Ni t a r g e t s  with 80, 136 and 164 MeV 
protons have been measured. The method1) con- 
sists of comparing the  r a d i o a c t i v i t y  of t he  pro- 
duct  nuc l e i  remaining i n  3 mg/cm2 t h i c k  s e l f -  
support ing t a r g e t  f o i l s  wi th  those r eco i l i ng  
i n t o  2 mg/cm2 th i ck  Kapton ca tchers .  The 
knowledge of t h e  thickness of t he  t a r g e t  and 
i t s  uniformity is  e s s e n t i a l  f o r  accura te  
range measurements and was determined by the  
energy l o s s  method using a -pa r t i c l e s  from a 
2 4 1 ~ m  source. 
For more than f i f t e e n  product nuc l e i  t he  
r e c o i l  ranges were determined and t h e i r  values 
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Figure 1. I n t e g r a l  r e c o i l  ranges v s .  AA = 
Atarget  - h r o d u c t  f o r  6 2 ~ i  a t  
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Figure 2. Rat io  of measured ranges t o  ranges expected 
f o r  t he  f u l l  momentum t r a n s f e r  of t h e  bom- 
barding p a r t i c l e  t o  t he  t a r g e t  nucleus. To 
c a l c u l a t e  RCN t h e  r eco i l i ng  energy is de- 
termined from t h e  r e l a t i o n  
~z~ = Eb Ab AR, / (AR + AT)2 and is converted t o  
range using r e f .  2 range-energy t ab l e s .  
P a r t i c l e  evaporat ion and s t r agg l ing  of t h e  
r e c o i l  nuc l e i  ( re f .5)  is neglected i n  compu- 
t a t i o n  of RCN . 
a r e  presented i n  Figure 1 a s  a funct ion  of mass re-  
moval AA = Atarget - Aproduct f o r  6 2 ~ i  t a r g e t  a t  
164 MeV proton energy. Similar  r e s u l t s  a r e  found f o r  
5 8 ~ i  t a rge t .  
It is i n s t r u c t i v e  t o  express t he  observed ranges 
f o r  each nucleus a s  a f r a c t i o n  of t h e  r a n g e l p 2 )  t he  
nucleus would have ( r e f e r r ed  t o  a s  RCN he rea f t e r )  i f  
i t  were produced a f t e r  t he  f u l l  momentum t r a n s f e r  of 
t h e  bombarding p a r t i c l e  t o  t he  t a r g e t  nucleus. (See 
Figure 2 ) .  For s i m p l i c i t y  t he  RCN were ca l cu l a t ed  f o r  
each case assuming t h a t  t he  evaporated p a r t i c l e s  do not  
car ry  out  any momentum. The evaporat ion of nucleons 
164 MeV bombarding energy. -71- 
tends t o  i nc rease  t he  measured ranges i f  t he  range 
is  not  propor t ional  t o  t he  energy1,3.4). These 
changes w i l l  not  a f f e c t  t he  d iscuss ion  presented 
below. 
The nucleon-nuckus i n t e r a c t i o n  is v i sua l i zed  
a s  proceeding through a phase of pre-equilibrium 
nucleon emission followed by nucleon evaporat ion.  
The pre-equilibrium nucleons can ca r ry  away energy 
over a broad range and thus  would correspondingly 
determine the  r e c o i l  energies  (and a s  a conse- 
quence the  ranges of t h e  product nuc l e i )  more 
s t r i n g e n t l y  than the  evaporat ion nucleons. The 
l i n e a r  dependence of a or  R/R wi th  AA impl ies  CN 
t h a t  a progress ive ly  smal ler  f r a c t i o n  of t h e  
inc ident  energy is  c a r r i e d  out  by pre-equilibrium 
nucleons a s  more nucleons, AA, a r e  removed. The 
extremely small  ranges of n u c l e i  near t he  t a r g e t  
mass imply t h a t  these  n u c l e i  a r e  produced pr imar i ly  
following pre-equilibrium emission. The nuc l e i  wi th  
PA 1. 10 f o r  which E / R ~ ~  has  t he  value c lo se  t o  
uni ty ,  must have been produced pr imar i ly  a s  a 
consequence of evaporat ion from the  compound 
system which has l o s t  l i t t l e  energy i n  t he  pre- 
equil ibrium phase. F i n a l  n u c l e i  wi th  AA 1 3  
have ranges which a r e  considerably g rea t e r  than  
the  corresponding RCN . To understand the  
observed ranges f o r  t he se  cases one must 
assume not  only t h a t  no f a s t  nucleons were 
emitted but  a l s o  t h a t  two o r  more a lpha  
p a r t i c l e s  were involved i n  t h e  evaporat ion 
chain.  
Attempts a r e  underway t o  expla in  t h e  ob- 
served v a r i a t i o n  of R wi th  AA quan t i t a t i ve ly .  
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